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The invention relates to a data transmission 
method in a cellular communications system 
comprising in each cell at least one base station 
communicating with mobile stations within its 
coverage area, in which method extra known 
reference information is added to a transmit 
signal. To enable smooth estimation of a chan- 
nel, the amount of added reference information 
per time unit is varied in response to the radio 
channel parameters. The invention also relates 
to a transmitter having means for encoding (41), 
interleaving (41) and modulating (48) the trans- 
mit signal. The transmitter of the invention com- 
prises means (42) for combining known 
reference symbols with the transmit signal and 
means (45) for controlling the combination. The 
invention further relates to a receiver having 
means for demodulating (51) and decoding (61) 
a received signal and means (51) for deinter- 
leaving the signal. The receiver of the invention 
comprises means (52, 66) for removing the 
known reference symbols from the received 
signal and means (54) for controlling the remov- 
al of the reference symbols. 
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The present invention relates to a data transmis- 
sion in a cellular communications system comprising 
in each cell at least one base station communicating 
with mobile stations within its coverage area, in which 
method extra known reference information is added 5 
to a transmit signal. 

In a cellular communications system, the quality 
and parameters of a radio channel may vary greatly 
as a function of time and location. When a mobile sta- 
tion is stationary, the radio channel is nearly invari- 10 
ant. When the station is on the move, the radio chan- 
nel varies as a function of time on account of the mo- 
bility of the station and the multipath propagation of 
the radio signal. In such a constantly changing situa- 
tion, it is difficult to achieve reliable data transmis- 15 
sion. Channel coding, signal interleaving and coher- 
ent data transmission may be employed to improve 
transmission quality. In certain cases, transmission 
quality may also be improved by employing multilevel 
sinals, such as a multilevel orthogonal or biorthogo- 20 
nal signal, in transmitting the data signal. 

The prerequisite for applying coherent reception 
is a carrier phase estimate for the receive signal, and 
also an estimate of the radio channel if optimum per- 
formance is desired. Channel estimation may be car- 25 
ried out by transmitting either a separate pilot signal, 
known reference symbols, or a mere data signal. 

The pilot signal method employs a separate con- 
tinuous narrowband or wideband signal to generate a 
phase reference estimate. EIA/TIA Interim Standard: 30 
Mobile Station - Base Station Compatibility Standard 
for Dual- Mode Wideband Spread Spectrum Cellular 
System, TIA/EIA/IS-95, July 1993, specifies a meth- 
od employing a separate pilot channel on which a pre- 
determined data unmodulated signal is sent Adding 35 
a separate pilot channel to the transmission takes up 
part of the available transmission capacity, renders 
the transmitter and receiver constructions complex, 
and may necessitate expansion of the requisite trans- 
mission bandwidth. Therefore, a separate pilot chan- 40 
nel is unfeasible, particularly in the transmission di- 
rection from mobile to base (uplink). In the CDMA 
multiple access method, however, a pilot channel 
may have utility in the transmission direction from 
base to mobile (downlink). 45 

Channel estimation by means of a data signal 
may be implemented either by means of decision 
feedback or without feedback. In these methods, 
channel estimation does not necessitate expanding 
the required transmission bandwidth. Estimation so 
making use of a data signal is, however, poorly suited 
to the transmission path environment of cellular sys- 
tems. When decision feedback is employed, the prob- 
lem resides in the unreliability of the decisions ap- 
plied. On the other hand, without feedback the re- 55 
quired channel estimation circuit is difficult to imple- 
ment, particularly when multilevel signals are em- 
ployed. 



Prior art methods based on the use of known ref- 
erence symbols are attended by the drawback that 
they do not take accou nt of the state of the radio chan- 
nel. A prior art method for using reference symbols is 
described in Fuyun Ling, Coherent Detection with 
Reference Symbol Based Channel Estimation for Di- 
rect Sequence CDMA Up/ink Communication, IEEE 
Vehicular Technology Conference 1993. This public- 
ation describes a method in which a mobile station 
transmits reference information at regular intervals to 
a base station. Thus the channel is always measured 
at a constant frequency by means of reference sym- 
bols fully independently of the rate of change of the 
channel. The symbol transmission rate, i.e. the num- 
ber of symbols sent in a time unit, is dependent on 
how rapid measurement of the changing channel is 
desired and what amount of transmission capacity 
(power or bandwidth) is to be allocated for these 
known symbols. The object is to achieve a sufficient 
channel measurement accuracy while utilizing a mini- 
mum of transmission capacity. At a constant frequen- 
cy, the solution is always a compromise between 
these two factors, and the result cannot be an ideal 
solution in conditions of varying channel measure- 
ment needs. 

Another known method is disclosed in Finnish 
Patent Application 940148, in which a mobile station 
transmits known reference symbols with frame sym- 
bols corresponding to those employed by the base 
station in sending power adjustment commands to 
the mobile station. Also in this method, the amount of 
reference information is not dependent on the rate of 
change of the channel but on the amount of power ad- 
justment information sent by the base station, and 
this is not directly proportional to the rate of change 
of the channel. 

In accordance with a first aspect of the invention 
there is provided a data transmission method in a cel- 
lular communications system comprising in each cell 
at least one base station communicating with mobile 
stations within its coverage area, in which known ref- 
erence information is added to a transmit signal, 
characterized in that the amount of added reference 
information per time unit is varied in response to the 
radio channel parameters. 

In accordance with a second aspect of the inven- 
tion there is provided a transmitter, having means for 
encoding, interleaving and modulating the transmit 
signal, characterized in that it comprises means for 
combining known reference symbols with the transmit 
signal and means for controlling the combination. 

In accordance with a third aspect of the present 
invention there is provided a receiver, having means 
for demodulating and decoding a received signal and 
means for deinterleaving the signal, characterized in 
that it comprises means for removing the known ref- 
erence symbols from the received signal and means 
for controlling the removal of the reference symbols. 
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It is thus an advantage of the present invention 
that a method enabling smooth channel estimation at 
the receiver is provided. The number of transmitted 
reference symbols in a time unit can be optimized to 
the channel state at a given time. 

The reference symbols are symbols known to the 
receiver typically inserted into a sequence of data 
symbols. The reference symbols received are used to 
generate a channel estimate. There are no decision 
errors or phase ambiguities as the reference symbols 
are known so a more robust method of channel esti- 
mation is achieved. 

The invention provides a way of sending refer- 
ence information as required by coherent detection 
which is adaptable to the channel state at each given 
time. The method can be implemented in both trans- 
mission directions, but it is particularly suitable for 
use in the uplink direction in which methods making 
use of a continuous pilot signal have no utility. The co- 
herent detection enabled permits operation of the re- 
ceiver in the uplink direction with a considerably poor- 
er signal-noise ratio than in non-coherent reception. 
This again affords a greater capacity per cell in CDMA 
systems. 

Besides coherent detection, the invention can 
also be implemented in other aspects of synchroniza- 
tion and power measurement at a receiver. The chan- 
nel estimate obtained by way of known reference 
symbols can be used for code and bit synchronization 
and as an aid in measuring the receive signal power. 

Since in the invention only the required number 
of known reference symbols are transmitted, said 
number being adjusted at a given time in response to 
the channel quality, utilization of the transmission ca- 
pacity of the channel can be effectively optimized. 
The channel can always be monitored with the de- 
sired accuracy, but on the other hand no superfluous 
transmission capacity is allocated when the channel 
quality is good. 

In the following, the invention will be explained in 
greater detail with reference to the examples in accor- 
dance with the accompanying drawings, in which 
Figures 1a-1c illustrate adding of reference sym- 
bols to a transmit signal, 

Figures 2a-2c illustrate another embodiment of 
adding reference symbols to the transmit signal, 
Figures 3a-3d illustrate transmission of reference 
symbols under different channel quality condi- 
tions, 

Figure 4 illustrates the construction of a transmit- 
ter of the invention, 

Figure 5 illustrates the construction of a receiver 
of the invention, 

Figure 6 illustrates an alternative construction for 
the receiver of the invention, and 
Figure 7 illustrates the construction of a third em- 
bodiment of the receiver of the invention. 
In accordance with the invention, the transmitter 
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adds reference symbols to the transmit signal in such 
a way that the number of symbols per time unit can 
be varied depending on the values of one or more 
channel parameters. The channel parameters may in- 

5 elude received signal amplitude and phase, multipath 
delay, the amplitude and phase of components of the 
multipath and the received signal power level. The re- 
ceiver is aware of the number of reference symbols 
sent at a given time and of their location in the signal. 

10 The channel is estimated on the basis of these refer- 
ence symbols for coherent reception and other func- 
tions of the receiver. 

Figures 1a-1c and 2a-2c illustrate two possible 
methods of adding reference symbols to the transmit 

15 signal. The addition can be realized either by insert- 
ing the reference symbols between the data symbols 
or by replacing some of the data symbols with refer- 
ence symbols. The last-mentioned method is termed 
puncturation and is illustrated in Figures 1a-1c. Fig- 

20 ure 1 a shows an example of a part of the frame struc- 
ture of the transmitted signal. Reference symbol R 
has been added in between data symbols 1-5 by re- 
placing data symbol 3 with the reference symbol. Fig- 
ure 1 b shows an example of a received signal corrupt- 

25 ed by the transmission path. In the receiver, the ref- 
erence symbol is removed from the data signal and a 
zero symbol is inserted in its place. This is illustrated 
in Figure 1c. 

Figure 2a illustrates a situation where reference 

30 symbol R has been added in between transmit data 
symbols 1-5. Figure 2b shows the corresponding re- 
ceived signal corrupted by the transmission path. In 
the receiver, the reference symbols are removed from 
among the data symbols, and thus in the exemplary 

35 case the received frame is as shown in Figure 2c. In 
contrast to puncturation, this method will increase the 
transmission bandwidth required by the transmit sig- 
nal. 

Figures 3 a- 3d illustrate the performance of the 

40 solution in accordance with the invention in different 
situations. Figure 3a shows the impulse response of 
a transmission channel with a slow rate of change. In 
such a case, the number of requisite reference sym- 
bols R per time unit is small, as is apparent from Fig- 

45 ure 3b. The reference symbols may be sent by punc- 
turation of data symbols. It is also possible to insert 
them between data symbols, as they do not appreci- 
ably expand the requisite bandwidth. When the trans- 
mission channel changes rapidly, the impulse re- 

50 sponse being in accordance with Figure 3c, the num- 
ber of reference symbols R to be sent is increased in 
accordance with Figure 3d and new reference sym- 
bols are inserted in place of data symbols by punctur- 
ing. In such a case, the required transmission band- 

55 width no longer increases. The reference symbols 
may be added to the transmission one by one at given 
time intervals or in sets of several symbols. 

The number of reference symbols per time unit 
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may be adjusted either steplessly or in predetermined 
steps. The latter alternative affords a simpler imple- 
mentation. 

The invention can also be used when the trans- 
mission channel has a slow rate of change, and ref- 5 
erence symbols are sent in accordance with Finnish 
Patent Application 940148, in which a mobile station 
transmits known reference symbols with frame sym- 
bols corresponding to those employed by the base 
station in sending power adjustment commands to 10 
the mobile station. Thus both transmission directions 
employ an identical frame structure, and in those 
symbol positions in the frame in which the base sta- 
tion sends power adjustment commands to the mo- 
bile station, the mobile station sends predetermined 15 
reference symbols to the base station. Thus in the up- 
link direction the sending of reference symbols re- 
quires no bandwidth expansion. When the transmis- 
sion channel changes rapidly, the number of refer- 
ence symbols per time unit is increased and new ref- 20 
erence symbols are inserted into the transmit signal 
by puncturing, as set out previously. 

The invention can also be used with multilevel 
symbols, such as orthogonal or biorthogonal sym- 
bols, are employed in data signal transmission in a 25 
cellular network. The invention can also be used ad- 
vantageously when the signal is encoded by a com- 
bination of a convolution^ code and a biorthogonal 
multilevel symbol set, such as disclosed in Finnish 
Patent Application 935047. The advantages of both 30 
methods can be combined, in other words, the advan- 
tageous method of the present invention can be ap- 
plied to realize the coherent detection required by the 
combined encoding referred to above, thus achieving 
a reliable transmission quality. The capacity gain ach- 35 
ieved is considerable, specifically in the CDMA mul- 
tiple access method. 

When multilevel symbols are used in the data sig- 
nal transmission, the reference symbols can be sent 
in the form of multilevel symbols identical to the data 40 
symbols. Such a system is described in copending 
Finnish application 941071. Multilevel reference sym- 
bols can be sent by adding them in between data sym- 
bols or by replacing a data symbol with a reference 
symbol. 45 

The invention can be implemented in cellular net- 
works irrespective of the multiple access method ap- 
plied. The invention is most advantageous in cellular 
networks with continuous transmission, such as 
those applying FDMA and CDMA multiple access so 
methods. 

The invention can thus be implemented in both 
transmission directions, both from base to mobile and 
vice versa. In the following, a transmitter and a receiv- 
er of the invention will be described by way of illustra- 55 
tion, the invention being implemented in the uplink di- 
rection in the context of a CDMA cellular network but 
not being limited thereto. 



Figure 4 illustrates the construction of a transmit- 
ter of the invention, using a CDMA transmitter as an 
example. The transmitter comprises a microphone 40 
and means 41 for encoding and interleaving the 
transmit signal. The encoded and interleaved bits 44 
are applied to an input of a combination circuit 42. 
Known reference symbols are applied to a second in- 
put 43 of the combination circuit. The combination cir- 
cuit 42 inserts the reference symbols into the transmit 
data, either between data symbols or in their place. 
Control means 45 provides control 47 for the combin- 
ation circuit and determines by which method and at 
how short intervals reference symbols are to be in- 
serted into the data. The operation of the control 
means 45 is based on the state of the transmission 
channel, and the impulse 46 to the control means 
may be provided by the measured Doppler frequency 
or a control command from the receiving end (e.g. 
base station), for example. The control may be based 
on monitoring the quality of the receive signal, which 
may be realized for instance by monitoring the bit er- 
ror ratio or signal -noise ratio of the receive signal. In 
the case of a CDMA transmitter, the signal provided 
by the combination circuit is spread by a spreading 
code and modulated by means 48, and applied 
through radio-frequency parts 49 to an antenna 50. 
The transmitter naturally also comprises other com- 
ponents, such as converters and filters, which for 
clarity are not shown in the figure. 

Figure 5 illustrates the construction of a receiver 
of the invention, using a CDMA receiver as an exam- 
ple. The receiver comprises an antenna 50, from 
which the signal is applied through radio-frequency 
parts 49 to a demodulation and despreading block 51 . 
The signal is further applied to a separation circuit 52 
in which known reference symbols 57 are separated 
from the remainder of the received signal 53 and ap- 
plied to a channel estimation block 58. The control 
signal 56 for the separation circuit is provided by the 
control circuit 54, which needs information 55 on the 
combined control employed at the transmitting end. 
In a preferred embodiment of the invention, this infor- 
mation may be available at the receiver, for example 
if the receiving end (e.g. a base station) determines 
the mode of operation of the transmitting end. In an- 
other preferred embodiment of the invention, the 
transmitting end sends information on the operation- 
al mode to the receiver. The information may be trans- 
mitted on a signalling channel or along with the actual 
data signal. In accordance with a third preferred em- 
bodiment of the invention, the state of the transmis- 
sion channel is measured by the receiver, and the 
control of the separation circuit is based on this meas- 
urement. In accordance with a fourth advantageous 
embodiment of the invention, the information on the 
combined control employed at the transmitting end is 
obtained by measuring the received signal. 

The output 59 of the estimation circuit 58 pro- 
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vides an estimate of the transmission channel, which 
permits coherent detection of the data signal to be 
performed by means 60. Subsequent to deinterleav- 
ing and decoding 61, the detected signal is applied to 
a loudspeaker 62. The estimate 59 can also be em- 5 
ployed for other purposes, such as synchronization or 
power measurement. The receiver naturally also 
comprises other components, such as converters 
and filters, which for clarity are not shown in the fig- 
ure. 10 

Figure 6 illustrates the construction of a receiver 
implementing a fourth embodiment of the invention. 
The receiver comprises means 63 for detecting the lo- 
cation and number of reference symbols in the re- 
ceived transmission, i.e. in the signal obtained from 15 
block 51 . These means 63 provide a control signal 55 
to means 54 controlling the removal of reference sym- 
bols. 

Figure 7 illustrates the construction of a receiver 
implementing further embodiment. The receiver com- 20 
prises means 64 for separating reference symbols 
from the received signal. The separation means are 
controlled by control circuit 54, as above. The channel 
is estimated in estimation block 58 by means of ref- 
erence symbols as set out previously. The receiver 25 
comprises means 65 for detecting the received signal 
which includes the desired data and reference sym- 
bols. The detection may be coherent, in response to 
information provided by estimation block 58. The de- 
tected signal is applied to means 66 in which the ref- 30 
ere nee symbols are removed from the detected sig- 
nal. Control block 54 provides a control signal to 
means 66. 

Even though the invention has been explained in 
the above with reference to examples in accordance 35 
with the accompanying drawings, the invention is not 
restricted to them but can be modified in a variety of 
ways within the scope of the inventive idea disclosed. 

40 

Claims 

1 . A data transmission method in a cellular commu- 
nications system comprising in each cell at least 

one base station communicating with mobile sta- 45 
tions within its coverage area, in which known ref- 
erence information is added to a transmit signal, 
characterized in that the amount of added refer- 
ence information per time unit is varied in re- 
sponse to the radio channel parameters. 50 

2. A method as claimed in claim 1 , characterized in 
that when quality of the radio channel is good a 
smaller amount of reference information is sent 
than when the quality of the radio channel is poor. 55 

3. A method as claimed in claim 1 or 2, character- 
ized in that the reference information is utilized in 



a coherent receiver to generate a carrier phase 
reference. 

4. A method as claimed in claim 1 or 2, character- 
ized in that the reference information is utilized in 
a receiver for symbol synchronization. 

5. A method as claimed in claim 1 or 2, character- 
ized in that the reference information is utilized in 
a receiver for power measurement. 

6. A method as claimed in any preceding claim, 
characterized in that in sending reference infor- 
mation, known reference symbols are inserted 
between user data symbols to be sent. 

7. A method as claimed in any one of claims 1 to 5, 
characterized in that in sending reference infor- 
mation, a set of user data symbols to be sent is 
replaced with known reference symbols. 

8. A method as claimed in any preceding claim, 
characterized in that when multilevel symbols 
are employed in the data signal transmission, the 
known reference information is sent in the form of 
similar symbols as the actual user data. 

9. A method as claimed in any preceding claim, 
characterized in that the base station controls 
the transmit power of mobile stations located 
within its coverage area by way of power adjust- 
ment messages, and that in both transmission di- 
rections from base to mobile and from mobile to 
base the transmission on the traffic channel em- 
ploys an identical frame structure, and in that 
when the base station sends to the mobile station 
a power adjustment message employing specific 
bit time slots in the frame structure of the traffic 
channel, the mobile station sends known refer- 
ence information in the corresponding bit time 
slots of the other transmission direction of the 
traffic channel to the base station. 

10. A method as claimed in any one of the preceding 
claims, characterized in that the control for the 
amount of added known reference information 
per time unit and the mode of addition at the 
transmitter is provided by the receiver. 

11. A transmitter, having means for encoding (41), in- 
terleaving (41) and modulating (48) the transmit 
signal, characterized in that it comprises means 
(42) for combining known reference symbols with 
the transmit signal and means (45) for controlling 
the combination. 

12. A transmitter as claimed in claim 11, character- 
ized in that it comprises means (42) for replacing 
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a set of user data symbols to be sent with known 
reference symbols. 

13. A transmitter as claimed in claim 11, character- 
ized in that it comprises means (42) for inserting 5 
known reference symbols between user data 
symbols to be sent. 

14. A receiver, having means for demodulating (51) 

and decoding (61) a received signal and means 10 
(51) for deinterleaving the signal, characterized 
in that it comprises means for removing (52, 66) 
the known reference symbols from the received 
signal and means (54) for controlling the removal 
of the reference symbols. 15 

15. A receiver as claimed in claim 14, characterized 
in that it comprises means (58) for utilizing the 
known reference symbols in calculating an esti- 
mate for the radio channel impulse response. 20 

16. A receiver as claimed in claim 14, characterized 
in that it comprises means (58) for utilizing the 
known symbols in calculating a receive carrier 
phase estimate. 25 

17. A receiver as claimed in claim 14, characterized 
in that it comprises means (58) for utilizing the 
known reference symbols in power measurement 

of the received signal. 30 

18. A receiver as claimed in claim 14, characterized 
in that it comprises means (58) for utilizing the 
known reference symbols in symbol synchroniza- 
tion. 35 

19. A receiver as claimed in any one of claims 1418, 
characterized in that it comprises means (63) for 
detecting the location and number of reference 
symbols in the received'signal, said means pro- 40 
viding a control signal (55) to means (54). 

20. A receiver as claimed in any one of claims 1418, 
characterized in that it comprises means (64) for 
separating the reference symbols from the re- 45 
ceived signal, means (65) for detecting the re- 
ceived signal which includes the desired data and 
reference symbols, and means (66) for removing 

the reference symbols from the detected signal. 

50 
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